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Months of Age

HEIGHT PERCENTILE
Earnings Per Start < $2,000 (n = 1,010)
Mean HEIGHT Percentile
Earnings Per Start > $10,000 (n = 390) where EQB was trying to measure all the required subject horses in the allotted time period. Given the technician's known error margins for weight and height estimation, as demonstrated in this appendix, it seems reasonable to have used the technician's estimates of weight and height based solely on visual inspection, in place of using a weight tape and height stick, which would have actually detracted from the accuracy. Furthermore, the technician's weight estimation errors were all within one standard deviation (as measured with an electronic scale) of the population mean for any subject's sex and chronological age. These weight errors would not be expected to alter multivariate discriminant classifications of horses based on echocardiographic measurements relative to weight, as those are discussed in the body of this paper. The methods used to estimate weight were:
1. An electronic scale, accurate to within 1 lb., was used to estimate weight. 2. The ultrasound technician estimated weight based solely on physical inspection. 3. A weight tape was used to estimate weight based solely on girth circumference. 4. A constant of 40 lbs. was added as an adjustment to the weight tape's weight estimate. 5. A weight chart from Equinews, a horse journal, was used to estimate weight based on girth circumference and body length. 6. A regression equation was created with weight as the dependent variable, and with girth circumference, length and height as the independent variables. 
APPENDIX C Months of Age Relative to Month Born and Month Measured
APPENDIX D Blind Test of Electronic Scale Weight Measurements of Horses vs. Weight Estimation Methods
SUMMARY
In a blind test protocol, weights, measured with an electronic scale, and heights, measured with a height stick, of 38 Thoroughbred racehorses were used to assess the accuracy of various weight and height estimation methods.
One EQB ultrasound technician was used for the study n this appendix, and it was the same technician who took all the ultrasound measurements for the main body of text of this study, attached. This technician had more than 20 years of experience with Thoroughbred racehorses at breeding farms and at major American racetracks, as a jockey, an exercise rider, a farm manager and as a trainer. During 5 years of that time the technician had used an electronic scale to weigh racehorses daily.
This technician first estimated weight and height based solely on visual inspection. The technician then measured the girth circumference and the length of each horse with a weight tape, and measured height with a height stick. Finally, the horses were weighed on an electronic scale.
The study in this appendix shows that the technician's weight estimates proved more accurate than conventional weight tape estimates, and the technician's height estimates were consistently close to actual height stick measurements.
For the main cardiac measurement study, attached, to have physically measured the girth, length and height of more than 5,000 horses annually, even at just 4 minutes per horse, would have required 330 additional hours of hands-on work for both the technician and grooms (the horses are held while the measurements are made), increasing the costs, and greatly magnifying the risks of injury to themselves and to the nervous auction racehorses. Further, often time was at a great premium at an auction The technician's weight estimates, based solely on physical inspection, were similar in accuracy to the other methods studied (see Table 1 ). Compared to the electronic scale's measurements, the technician's average weight error was ± 36 lbs. The technician would be expected to be within ± 62 lbs. 75% of the time, within ± 88 lbs. 95% of the time and within ± 114 lbs. 99.9% of the time.
When an adjustment was made to weight tape estimates, by adding 40 lbs. (equivalent to adding 1.3 cm. to girth circumference), the weight tape was slightly more accurate than the technician's estimates. The average error of the adjusted weight tape measurements was ± 28 lbs. The adjusted weight tape measurement would be expected to be within ± 53 lbs. 75% of the time, within ± 78 lbs. 95% of the time and within ± 103 lbs. 99.9% of the time.
The methods used to estimate height were: 1. A height stick with a built-in level was used to measure height in hands and fingers. 2. The ultrasound technician estimated height based solely on physical inspection. The technician's height estimates, based solely on physical inspection, were similar in accuracy to the other methods studied.
The technician's average height error was ± 0.4 inches. The technician would be expected to be within ± 0.84 inches 75 percent of the time, within ± 1.3 inches 95 percent of the time and within ± 1.7 inches 99.9 percent of the time.
METHODOLOGY
EQB used a digital loadbar scale (Scale Systems, Chester Heights, PA) to weigh 38 Thoroughbred horses. Accuracy was quoted by Scale Systems as within 1 lb. The scale consisted of two 4' x 4' steel platforms, each weighing approximately 200 lbs., placed side-by-side and linked digitally for a total weight reading. The scales were 3 to 5 inches tall. The metal platforms were covered with a non-slip material.
The horses were weighed between 2:00 PM and 4:00 PM. Most horses cooperatively stepped onto the scale. Some fit racehorses were initially jumpy at the sound of the metal platforms, but were kept controlled by the groom and trainer.
The technician first estimated each horse's weight and height based solely on visual inspection. Next, the technician measured the horses with a weight tape (Horse Health Products) and height stick. Finally, the horses were weighed on the electronic scale. The technician was not informed of scale weights.
Weight was measured or estimated using the following methods:
• Technician's Weight Estimate. The technician estimated weight based solely on a visual inspection of the horse. • Scale. Digital loadbar scale accurate to within 1 lb.
• Weight Tape. A traditional weight tape was wrapped around the girth area, providing a direct weight estimate.
• Weight Tape + 40 lbs. Table 2 summarizes the means and standard deviations for weight estimates by various methods. Table 3 provides a profile of error ranges (i.e., ≤ 1%, ≤ 2%, etc.) associated with each weight estimation method.
RESULTS
Weight
Technician's Weight Estimate. When the technician estimated weights based on her visual inspection, average weight was 1,091 lbs., median weight was 1,095 lbs., and the standard deviation was 122 lbs.
Scale. 38 horses were measured. Average weight was 1,099 lbs., with a median of 1,095 lbs. and standard deviation of 122 lbs.
Weight Tape. Average weight was 1,059 lbs., with a median of 1,052 and standard deviation of 114 lbs.
Weight Tape + 40 lbs. It was clear that the weight tape was underestimating weights consistently by about 40 lbs. Therefore, 40 lbs. were added to weight tape measurements as a standard adjustment. This brought average weights to 1,099 lbs., median weights to 1,092 lbs. and standard deviation to 114 lbs. This was the most accurate estimation method.
Magazine Article. A magazine article titled "What does your horse weigh?" published in Equinews/Spring 1998, by Dr. Joe D. Pagan, from Kentucky Equine Research, Inc., included a chart to estimate a horse's weight based on girth circumference and body length. This was the least accurate weight estimation method. Average weight was 1,135 lbs., median weight was 1,124 lbs. and the standard deviation was 148 lbs. Pagan's study assessed the ability of 77 horsemen plus 62 veterinarians to estimate a horse's weight. Pagan's study found that 96% of veterinarians and 68% of horsemen said they primarily made a "guestimate" of the horses' weight. Pagan stated that "over 85% of both groups underestimated all the horses' weights, by an average of 150 to 185 pounds." A comparison of Pagan's findings with the technician's "guestimates" indicated that the technician was far more accurate than the horsemen Pagan studied were.
Regression Models. EQB created linear regression models to estimate weight based on girth circumference, height and length. This system produced the most accurate estimates. However, the model was created using the same data it later estimated, so the results are biased. Average weight was 1,099 lbs., median weight was 1,099 lbs. and the standard deviation was 100.5 lbs. The adjusted R 2 was 88%. The equation was: Weight = -978+9.05* girth circumference (cm.) + 2.76* length (cm.) -5.84* height (hands)
Girth circumference was measured in centimeters, as described in the Equinews article. Length was measured in centimeters as described in the same article. Height was measured in hands with a height stick and converted to fractions, such that a horse measured at 16 hands and 2 fingers was listed as 16.5 hands. The regression equation was illogical, in that if 2 horses had identical girth and length measurements, the taller horse would weigh less than the shorter horse. This problem with the equation was likely due to high correlation between height and the other measurements in the model. 
APPENDIX E Replacing Weight in Pounds with More General 1-5 Rating on Scale from Small to Big
In this monograph's study the ultrasound technician estimated weight in pounds and height in hands. 1 That technique could be difficult for others to duplicate. So, we asked: "What if the technician categorized weight and height into groups as defined below? Wouldn't it then be easier for others to reproduce this study's overall methodology?" 1. Well below average. At least 1.0 standard deviation below the mean 2. Below average. From 0.5 to 1.0 standard deviations below the mean 3. Average. Within 0.5 standard deviations of the mean 4. Above average. From 0.5 to 1.0 standard deviations above the mean 5. Well above average. At least 1.0 standard deviation above the mean Each weight and height measurement was assigned a whole number from 1 to 5, with 1 equal to "well below average" and 5 equal to "well above average." HTPLUSWT was created as the sum of these weight and height ratings, providing an overall physical size estimate. Each horse's cardiac measurements (i.e., LVD, LVS, SW, and PS) were ranked (expressed as a percentile ranging from 0 to 100) relative to those of other horses of the same sex, chronological age, and of the same 1-5 weight group.
Stepwise and discriminant results based on the 1-5 weight categories, as listed on the following pages, were very similar to those in the main study for high vs. low earners where numerical weight estimates in pounds had been assigned instead.
STEPWISE DISCRIMINANT ANALYSIS OF THE RELATIONSHIP OF CARDIAC MEASURE-MENTS TO PERFORMANCE
High Earners vs. Low Earners.
Stepwise analysis was used to identify statistically significant variables that could differentiate between groups of horses categorized as high and low earners, defined as:
High Earners. Horses raced at least 3 times, before the end of their arbitrarily defined three-year-old racing year, with earnings per start of at least $10,000.
Low Earners. Horses raced at least 3 times, before the end of their arbitrarily defined three-year-old racing year, with earnings per start of $2,000 or less.
For high vs. low earners, stepwise analysis identified the following significant variables: 
MULTIVARIATE DISCRIMINANT ANALYSIS OF THE RELATIONSHIP OF CARDIAC MEASUREMENTS TO PERFORMANCE
High Earners vs. Low Earners
The variables identified by stepwise analysis were used in the high vs. low earner discriminant models .
Combined Sexes. Tables 1-3 summarize discriminant analysis results for non-blind and blind tests of high vs. low earners that had raced at least 3 times (i.e., had 3 "starts") before the end of their arbitrarily defined 3 year old racing year. High earners earned at least $10,000 per start and low earners earned $2,000 or less per start. The improvement associated with discriminant modeling was statistically significant (P-values ≤ .0488) for both high and low earners among all groups studied.
Non-Blind A-Z. Table 1 shows that among 1,501 total horses, non-blind discriminant models improved the odds of correctly classifying high earners from 27.98% without models to 37.27% with models. They improved the odds of correctly classifying low earners from 72.02% without models to 80.02% with models. The improvement associated with discriminant modeling was statistically significant for both high and low earners (P-values < .0001). Non-Blind A-M. Table 2 shows that among horses with names beginning with the letters A-M, non-blind discriminant models improved the odds of correctly classifying high earners from 27.51% without models to 37.01% with models. They improved the odds of correctly classifying low earners from 72.49% without models to 80.41% with models. The improvement associated with discriminant modeling was statistically significant for both high and low earners (P-values ≤ .0001). Blind N-Z. Table 3 shows that among horses with names beginning with the letters N-Z, blind discriminant models based on the A-M horses improved the odds of correctly classifying high earners from 28.69% without models to 37.41% with models. They improved the odds of correctly classifying low earners from 71.31% without models to 79.18% with models. The improvement associated with discriminant modeling was statistically significant for both high and low earners (P-values ≤ .0019). 
Colts
Tables 4-6 summarize discriminant analysis results for high vs. low earners among colts. Table 4 shows that among 891 colts, non-blind discriminant models improved the odds of correctly classifying high earners from 26.60% without models to 34.51% with models. They improved the odds of correctly classifying low earners from 73.40% without models to 80.65% with models. The improvement associated with discriminant modeling was statistically significant for both high and low earners (P-values ≤ .0004). Non-Blind A-M. Table 5 shows that among colts with names beginning with the letters A-M, non-blind discriminant models improved the odds of correctly classifying high earners from 26.44% without models to 32.16% with models. They improved the odds of correctly classifying low earners from 73.56% without models to 78.72% with models. The improvement associated with discriminant modeling was statistically significant for both high and low earners (P-values ≤ .0488). Blind N-Z. Table 6 shows that among colts with names beginning with the letters N-Z, blind discriminant models based on the A-M horses improved the odds of correctly classifying high earners from 26.84% without models to 35.71% with models. They improved the odds of correctly classifying low earners from 73.16% without models to 81.18% with models. The improvement associated with discriminant modeling was statistically significant for both high and low earners (P-values ≤ .0135). 
Non-Blind A-Z.
Fillies
Tables 7-9 summarize discriminant analysis results for high vs. low earners among fillies.
Non-Blind A-Z. Table 7 shows that among 610 fillies, nonblind discriminant models improved the odds of correctly classifying high earners from 30.00% without models to 42.44% with models. They improved the odds of correctly classifying low earners from 70.00% without models to 79.94% with models. The improvement associated with discriminant modeling was statistically significant for both high and low earners (P-values < .0001). Non-Blind A-M. Table 8 shows that among fillies with names beginning with the letters A-M, non-blind discriminant models improved the odds of correctly classifying high earners from 29.09% without models to 42.86% with models. They improved the odds of correctly classifying low earners from 70.91% without models to 81.16% with models. The improvement associated with discriminant modeling was statistically significant for both high and low earners (P-values ≤ .0012). Blind N-Z. Table 9 shows that among fillies with names beginning with the letters N-Z, blind discriminant models based on the A-M horses improved the odds of correctly classifying high earners from 31.33% without models to 41.03% with models. They improved the odds of correctly classifying low earners from 68.67% without models to 77.27% with models. The improvement associated with discriminant modeling was statistically significant for both high and low earners (P-values ≤ .0332). 
APPENDIX F Using Subjective Visual ratings of Ultrasound cardiac Images
Late in this study, the ultrasound technician began recording subjective ratings (ranging from 1 = poor to 5 = excellent) to describe the images on the ultrasound machine -visual impressions of ecogenicity (e.g., clarity, sharpness of contrast, type and symmetry of shapes, smoothness of functioning of structures) of the 2D images. Therefore these ratings were made for approximately 25% of horses measured in this whole study.
These ratings were recorded as: Ecogenicity (EC and VEC); general shape of the image at diastole and systole (CATE and SQ); clarity and sharpness of contrast of left ventricle during diastole and systole (DCL and SCL); smoothness of left ventricle during diastole and systole (DSM and SSM); blood backflow from left ventricle during diastole and systole (DBF and SBF); double-beat wave (XB); overall irregularity of the heart image (IRRG); how well the valve closes (NVC); and overall clearness of image in diastole (PVAR).
USING SUBJECTIVE VISUAL CARDIAC PARAMETERS TO PREDICT RACING PERFORMANCE
Stepwise Discriminant Analysis of the Relationship of These Cardiac Measurements to Performance
High Earners vs. Low Earners. Stepwise analysis identified statistically significant variables that could differentiate between groups of horses categorized as high and low earners, defined as:
High Earners. Horses raced at least 3 times before the end of the arbitrarily defined 3-year-old racing year, with earnings per start of at least $10,000. Blind N-Z. Table 3 shows that among horses with names beginning with the letters N-Z, blind discriminant models based on the A-M horses improved the odds of correctly classifying high earners from 31.85% without models to 43.42% with models. They improved the odds of correctly classifying low earners from 68.15% without models to 79.01% with models. All results were statistically significant (P-values < .0444). Low Earners. Horses raced at least 3 times before the end of the arbitrarily defined 3-year-old racing year, with earnings per start of $2,000 or less.
The variables considered in the analysis were LVD, LVS, SW, PS, HTWT, EC, CATE, DCL, DSM, DBF, XB, VEC, SQ, SCL, SSM, SBF, IRRG, NVC, and PVAR. Among these variables, LVD, LVS, SW, PS were standardized for sex, age and weight, and HTWT was standardized for sex and age.
For high vs. low earners, with the additional consideration of visual ratings as described above, stepwise analysis identified the following significant variables:
Combined Sexes. HTWT, PVAR, SBF Colts. SBF, HTWT, DSM Fillies. HTWT, PVAR, SQ, DSM
Multivariate Discriminant Analysis of the Relationship of These Cardiac Measurements to Performance-Combined Sexes
High Earners vs. Low Earners. In order to work with higher numbers of horses for discriminant analyses using the subjective visual variables (assessed each on a scale from 1 to 5), horses for which we only had two-year-old race records were added to the groups of raced horses used elsewhere to assess racing performance levels in this study. These were horses born in 1998. Thus, unlike everywhere else in this monograph, this appendix's analysis of raced horses had some horses with 2-and 3-year-old race records and others with just 2-year-old race records.
The variables used in discriminant analysis were those identified as significant by stepwise analysis. Only combined sex models were analyzed due to limited number of horses.
Non-Blind A-Z. Table 1 shows that among 394 horses, nonblind discriminant models improved the odds of correctly classifying high earners from 33.25% without models to 43.93% with models. They improved the odds of correctly classifying low earners from 66.75% without models to 75.11% with models. All results were statistically significant (P-values ≤ .0083). Non-Blind A-M. Table 2 shows that among horses with names beginning with the letters A-M, non-blind discriminant models improved the odds of correctly classifying high earners from 34.18% without models to 41.28% with models. They improved the odds of correctly classifying low earners from 65.82% without models to 71.88% with models. Results were not statistically significant (P ≤ .1499). 
All horses:
Had at least 5 other similar horses in database in terms of sex, weight (within 25 lbs.) and age (within 30 days).
The chart on the left included horses regardless of whether or not they ever started. The chart on the right included only horses that raced at least 3 times. * Race records were through these horses' three-year-old year only. See Exhibit PM05290203 for detailed discriminant analysis results.
< 45%
Multivariate Discriminant Analysis Model Ratings of Cardiac Measurements vs. Subsequent Racing Performance* > < 50%
< 45% > 55%
Model Rating
Horses with 0+ Starts (n=4,668)
Horses with 3+ Starts (n=3,150) > 65% < 40%
< 30% > 70%
Number of Horses
Number of Horses
Were born by 1997, so we had three-year-old data for 2000 racing year.
Were not known to be foreign raced. The Auction Comparisons graph plots an interventricular septal wall structure thickness (SW) and overall horse physical size (HTWT) percentiles from different auctions. These variables were identified during discriminant analysis as the most significant predictors of subsequent earnings. In parentheses following each sale ID is average sale price (for all horses at the sale) and average earnings per start through each horse's 3-year-old year (among horses measured), respectively. SW was generally higher for horses at higher-priced sales.
APPENDIX G
APPENDIX I Influence of Pedigree on Cardiac Measurements
While this study did not focus on pedigree, pedigree was recorded for each subject measured. A cursory review of the relationship between pedigree and cardiac measurements indicates that it could be a useful subject for further study. The following observations are provided in order to highlight possible areas of interest, and are not intended to represent a thorough or statistically sound analysis of the subject.
Northern Dancer frequently appeared in the sire and damsire lines commonly associated with large cardiovascular systems with thick left ventricle septal walls. Northern Dancer was far less prevalent among smaller cardiac systems.
Not all horses with large cardiac systems were large horses, yet size is also an important predictor of success. Deputy Minister and his sons (French Deputy and Dehere) sired foals with consistently large hearts and large size. Deputy Minister is by Vice Regent, by Northern Dancer. While not from the Northern Dancer line, Kris S., by Roberto, also sired foals with large hearts and physical size.
SIRES OF MULTIPLE OFFSPRING
Average interventricular septal wall structural thickness in diastole and physical size, as measured by SW (standardized for age, sex and weight) and HTWT (standardized for age and sex), were calculated for the offspring of the 72 sires that had at least 30 offspring in this study (see Excel Spreadsheet: Pedigree Nov 19 2001) .
Northern Dancer sired 3 (30%) of the 10 sires of offspring with the highest average interventricular septal wall structural thickness. Among the 10 sires of offspring with the highest average interventricular septal wall structural thickness, 6/10 (60%) of their sire lines traced back to Northern Dancer by the fourth generation.
Northern Dancer sired none of the 10 sires of horses with the smallest average interventricular septal wall structural thickness. Among the 10 sires of offspring with the smallest average interventricular septal wall structural thickness, 2/10 (20%) of their sire lines traced back to Northern Dancer by the fourth generation.
The offspring of 4 sires had both high interventricular septal wall structural thickness and large size. Among these 4 sires, one was Deputy Minister, and two were his sons (French Deputy and Dehere). Deputy Minister's sire, Vice Regent, was by Northern Dancer. The other sire whose offspring had high interventricular septal wall structural thickness and large size was Kris S., by Roberto.
DAMS OF MULTIPLE OFFSPRING
Sixty-four dams had at least 4 foals represented in this study. Among the 10 dams whose foals had the highest average SW, average SW among foals ranged from 0.73 to 1.2. This was about 1 1 / 2 times as high as for the offspring of the top sires and 3 times higher than among the offspring of the top damsires.
Foals out of these top 10 dams had average earnings of $84,850 through their 3-year-old year, compared to $36,500 for the 40 foals out of the 10 dams with the lowest average SW among foals. 23% of foals from the 10 best dams earned at least $100,000, compared to 10% of foals of the 10 worst dams.
DAMSIRES OF MULTIPLE OFFSPRING
Forty-six damsires had at least 30 offspring represented in this study. We created 2 groups of these damsires: The "top 6 damsires'" offspring had the highest average SW and the "worst 6 damsires'" offspring had the lowest average SW.
Northern Dancer sired 3 (50%) of the top 6 damsires. Average SW among the top 6 damsires ranged from 0.20 to 0.40-about half that of the top 10 sires, and a third that of the top 10 dams.
Northern Dancer sired none of the 6 damsires associated with foals that had the lowest interventricular septal wall structural thickness. Interestingly, among 21 foals in this study that raced in North America (none of which were known to race outside of North America) with race records through their 3-year-old year, and with Northern Dancer as their damsire, none earned more than $100,000. The foals' cardiac measurements and physical size were above average. • Low earners were more likely to be below average in normalized physical size and normalized heart size.
Influence of Pedigree on
• High earner sprinters were more likely to be above average in normalized physical size and normalized heart wall thickness, as measured by SW. High earner sprinters were only slightly more likely to have above average normalized LVD and LVS as below average normalized LVD and LVS. Statistics describing these relationships are summarized in this appendix in two-and 3-way cross-tabulated contingency tables, from which chi-square and related statistics were derived to assess the significance of differences between the cardiac measurements of different earnings and distance performance groups of horses.
DESCRIPTION OF HORSES STUDIED
The 3,150 horses in this study were a subset from EQB's main cardiac study. This subset was determined by taking only those horses that went on to race and meet minimum criteria for doing so, e.g., number of races. All horses in this subset raced at least 3 times in North America by the end of their arbitrarily defined 3-year-old calendar racing year. A minimum of 3 career starts was required because it is impossible to know the level of ability of most horses that never raced, or that raced just a couple of times. The earnings performance of the 3,150 horses in this study was high, compared to "average" horses, due to the minimum starts requirement. Percentage with EPS ≥ $10,000: 13.3%
Summary
Percentage with EPS ≤ $2,000: 33.7% To place these statistics into perspective, in North America, average career earnings are approximately $30,000 and average earnings per start (EPS) are approximately $1,500. Table 1 shows the percentage of horses with EPS of at least $10,000 among horses grouped by normalized physical size and normalized heart variable sizes. Overall, 13.3% of horses earned at least $10,000 per start. Table 1 shows that as the normalized physical size and normalized heart size increased, except for PS, so did the percentage of high earners. The percentage of horses with EPS ≥ $10,000 was below average (13.3% was average for all horses studied) for groups below the 50th percentile. Horses in the 75th and higher percentiles had the highest percentage with EPS ≥ $10,000, and, on average, fared 28% better than the average for all horses (i.e., 17% vs. 13.3%).
The normalized HTWT percentage rank (the product of height times weight) was the most predictive individual variable among those listed in Table 1. Table 2 (next page) looks at how well each cardiac variable, when combined with HTWT, predicted EPS ≥ $10,000. Table 2 shows that all groups of horses with normalized HTWT percentiles of 75-100% (right-hand column) produced higher than average percentages of horses with EPS ≥ $10,000 (13.3% was average for all horses studied). All groups of horses with HTWT percentiles of 0-25% (left-hand column) produced fewer than average percentages of horses with EPS ≥ $10,000, regardless of heart size.
Shaded areas in Table 2 show groups with higher than average percentages of horses with EPS ≥ $10,000. Horses with HTWT percentiles in the 25-50% range generally performed as well as average as long as normalized cardiac variables were above average, i.e., when pre-adjusted for the sex, chronological age and normalized overall size of the subject. The highest percentages of high earners occurred when percentiles for both normalized HTWT and normalized heart size were at least 75%. In cases where normalized HTWT and normalized heart size percentiles were at least 75%, the average percentage of horses with EPS ≥ $10,000 was 23.0% (excluding PS) -a 73% improvement over random odds of selecting high earners (13.3% vs. 23.0%). the percentage of extremely high earners with various combinations of above and below average normalized HTWT and normalized cardiac measurements (LVD, LVS, SW and PS).
These tables show that a disproportionately high percentage of extremely high earners were large physically (for their sex, and chronological age), and had large hearts even relative to other large horses, i.e., when cardiac measurement variables were normalized for sex, chronological age, and physical size. Extremely high earners were 3 times more likely to have above average normalized HTWT and normalized cardiac measurements than to have below average normalized HTWT and normalized cardiac measurements. When breaking normalized HTWT categories down further, 4% of extremely high earners had HTWT of 0-25%, while 38% had HTWT of 75-100%-a nearly ten-fold difference. The general population, e.g., when not looking at racing performance success variables, is fairly evenly distributed among the 4 quartiles listed in the tables. 
HTWT
High Earner Routers
The definition of high earner routers here matched that in the body of the attached text of EQB's main cardiac study. High earner routers raced at least 3 times at distances of at least 8.5 furlongs, with earnings per start of at least $10,000 at those distances.
The following tables show the percentage of high earner routers with various combinations of above and below average normalized HTWT and normalized cardiac measurements (LVD, LVS, SW and PS).
These tables show that a disproportionately high percentage of high earner routers were large physically (compared to other subjects of the same sex and chronological age), and had large hearts even relative to other large horses, i.e., when normalized for sex, chronological age, height and weight. High earner routers were 4 times more likely to have above average normalized HTWT and normalized cardiac measurements than to have below average normalized HTWT and normalized cardiac measurements. The general population is fairly evenly distributed among the 4 quartiles listed in the tables when not considering the racing performance variables. 
HTWT
High Earner Sprinters
The definition of high earner sprinters here matched that in the attached body of the text of EQB's main cardiac study. High earner sprinters raced at least 3 times at distances below 7.0 furlongs and had earnings per start of at least $10,000 at those sprinting distances. High earner sprinters earned no more than $2,000 per start at router distances of at least 8.5 furlongs.
The following tables show the percentage of high earner sprinters with various combinations of above and below average normalized HTWT and normalized cardiac measurements (LVD, LVS, SW and PS).
These tables show that high earner sprinters were fairly evenly distributed by normalized physical size and the 2 normalized heart size variables of LVD and LVS, especially compared to distributions of the same variables for high earner routers. However, the tables show that high earner sprinters were about 50% more likely to have been big physically (normalized HTWT) with above average normalized SW and/or PS, than to be small physically, with small SW and/or PS. High earner sprinters were most likely to be relatively big horses with thick heart walls (normalized SW). The general population, i.e., all levels of racing performance, and not just sprinters or high earner sprinters, is fairly evenly distributed among the four quartiles listed in the tables. 
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Low Earners
The definition of low earners in this appendix matched that in the attached main body of the text of this monograph on EQB's main cardiac study. Low earners earned no more than $2,000 per start and had at least 3 starts, i.e. raced 3 times.
The following tables show the percentage of low earners with various combinations of above and below average normalized HTWT and normalized cardiac measurements (LVD, LVS, SW and PS).
These tables show that a disproportionately high percentage of low earners were relatively small physically, and had small hearts even relative to other small horses. Low earners were about 1.5 times more likely to have below average normalized HTWT and normalized cardiac measurements than to have above average normalized HTWT and normalized cardiac measurements. The general population is fairly evenly distributed among the 4 quartiles listed in the tables when not considering subsets of different levels of racing performance. 
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CHI-SQUARE ANALYSIS
Chi-square analysis was used to examine how Thoroughbreds' normalized heart size (as measured by LVD, LVS, PS, and SW) and normalized physical size (as measured by HTWT, which is the product of height times weight) relate to subsequent earnings and racing distances. Chi-square methods were used to show the predictive nature of each variable individually. Chi-square methods were then used to show the predictive nature of each cardiac variable, when used in conjunction with HTWT.
Physical size and heart size were more predictive when combined. High earners and high earner routers were more likely to be above average in normalized physical size and normalized heart size (as measured by LVD, LVS, and SW). Low earners were more likely to be below average in normalized physical size and normalized heart size. High earner sprinters tended to be above average in normalized physical size with thick heart walls (as measured by normalized SW).
Statistics describing these relationships are summarized in twoand 3-way cross-tabulated contingency tables.
Variables listed within each table are:
• Earnings groups. Earnings groups were defined in terms of earnings per start (EPS) through each horse's 3-year-old year. All horses in this appendix raced at least 3 times. The EPS groups studied were: EPS ≤ $2K, EPS = $2-10K, EPS ≥ $10K, and EPS ≥ $20K. The EPS ≥ $20K group also had the additional requirement of having earned at least $250,000.
• Distance groups. High earner routers had earnings per start of at least $10,000 at distances of 8.5 furlongs and further, with at least 3 starts at those route distances. High earner sprinters had earnings per start of at least $10,000 at distances shorter than 7.0 furlongs, with at least 3 starts at those sprint distances. To prevent overlap between high earner routers and sprinters, the sprinters had the additional restriction of earnings per start of no more than $2,000 at distances of 8.5 furlongs and further.
• Cardiac variables. The cardiac variables studied were LVD, LVS, SW, and PS, as defined in EQB's main cardiac study. Additionally, physical size of the horses was represented by the variable HTWT, which was the product of each horse's height times weight. These variables were normalized into py Table 2B 0-25% 25-50% 50-75% 75-100% Total Table 7B LVS < Average LVS > Average LVS < Average LVS > Average Total Chi-square (_ ) = 29.2, P < 0.001, n = 748, DF = 6. HTWT and LVD normalized.
Chi-square (x _ ) = 7.5, P < .274, n = 798, DF = 6. HTWT and LVD normalized. Table 10D Earnings Per Start by HTWT and LVD Chi-square (x _ ) = 18.5, P < .005, n = 802, DF = 6 (see Exhibit PM07170207). HTWT and LVD normalized.
Chi-square (x _ ) = 9.5, P < 0.150, n = 802, DF = 6 (see Exhibit PM07170207). HTWT and LVD normalized. 
